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Abstract

Technical limitations willseverelyrestrictcommunication between growihsed mission support and onboard
crew in futurelong duration exploratioglass missions (LDEM)Thus mission support tasks like mission
schedulingneed to beshiftedto onboard crewCurrently, crewactivities are scheduledver the course of several
weeks by groundbased experts with years of experiebhesed trainingTheseexperts display extensive amounts of
situational awareness (SA) throughsahedulingoy maintaining a mental model ofanyfactors sich as constraints
(e.g, physical space/layout), abilities and skills of the crew, and crew preferelosgng them to anticipate and
mitigate potential issue¥hus, we propose that SA is a key component in mission schedafidgupport ofSA for
the onboardcrew is essential whemission schedulingtasks are realktsted to nonrexperts In this paper, we
examineSA in novice schedulers in both scheduling and rescheduling task spaceflightike context Results
indicate that there iso significant difference betweemschedulingand rescheduhg taskswith regards toSA in
novice schedulers. Additionally, our experiment shows that novice schedulers are less able to develop sufficient SA
for constraints that are dependentroare than one activityWe propose thaoftware aids may be useful to support
novice schedulersparticularly with these constraintand may increase SA in schedulingnd rescheduling tasks.
This work is vital to ensure the successful transfer of mission support tasks tewterduture LDEM.
Keywords: SituationalAwarenessScheduling,LongDurationExplorationClassMissions Crew Autonomy

Acronyms/Abbreviations experienced schedulers maintain a mental model of
1 ISS: International Space Station factors that are not relayed during formal train[By.
1 LDEM: Long duration exploratioftlass missions These include noeformal corstraints such as physical
1 SA: Situational Awareness space/layout, abilities and skills of the crew, and crew
1 SAGAT: Situation Awareness Global AssessmentPreferences- knowledge that experts say only comes
Technique from experiene. Because these constraints are not
1 SPAM: Situation Present Assessment Method formally documented, expert schedulensist not only

have awareness drknowledge of these constraints, but
1. Introduction also integrate thm into their mental models when
Schedule creation in  complex dynamich”ding the scheduledemanding the building and

environments such as the International Space StatidRaintenancef situational awareness (SA)
(ISS) can take mission schedulers anywhere from weeks FOr the purposes of this study, the authigBne SA
to months to completg1l]. Due to task complexity, @ “ t h e —perf elenpents mnthe environment
scheduling often involves specialists with years ofvithin a volume of time and space, the comprehension
experiencebased traiing [2]. Expert scheders must of their meaning, and the projection of th(_alrstatgs in the
ensure strict requirements (such as energy resources) & Ut u r Bls The level of SAthat is achieved
met and followed?2]. Additionally, they must promptly during a schedull_ng tashdlcatesadlstmcthn between
address conflicts and lashinute changes. Failure to €XPert and novice schedulers as novice schedulers
create an effective schedule can compromise creWould likely only be aware of formally documented
health and safety and jeopardize mission objectives constraintsand activity priorities [3],. preventing them
the future, a technical limitations restricEarthto-  from fully developing SA and integratingll the
space communication, astronawiti assume theask of ~ Necessaryinformation into a complete mental model.
scheduling and rescheduling, amdist effectivelyand Thus_, SAls_a critical component of effective scheduling
efficiently manage strict timelines without guidance 2nd is crucial for the successful transfer from eteen
from specialists on the ground. thg grour_1d toonboardcrew [5]. Howev_er, limited data _
Interviews with seven expert plannersugrent or €Xists with regards to SA for novice schedulers in
recently retired space mission schedyleevealed that Scheduling and rescheduling, especially in a space

IAC-21-4-B6.4 Pagel of 12


mailto:mcshyr@ucdavis.edu
mailto:tamsyn.e.edwards@nasa.gov
mailto:summer.l.brandt@nasa.gov
mailto:jessica.j.marquez@nasa.gov

72" International Astronautical Congress (IAC), Dubai, United Arab Emirates, 25-29 October 2021.
Copyright 2021 by International Astronautical Federation. All rights reserved. One or more authors of this work are edfil®ygesernment of United States,
which ma preclude the work from being subject to copyright in United States, in which event no copyright is asserted in that country

mission contexand, thereforeaddressing this research researchers using video conferencisgftware and a
gap is vital in supporting thdeasibility of future custom experimental platform[10]. Experimental
LDEM. materials were presented to the participants on both

Direct measurement &A has most commonly been their computer browser and iPad. Scheduling and
evaluated through two methods, Situation Awarenesgescheduling tasks were ahrcted using a self
Global Assessment Technique (SAGAT) and Situatiorscheduling software platform, Playbofg 9, 11]. Fig.
Present Assessment Method (SPABDthwith equally 1 shows the remote experintesetup.
predictive performanc¢6]. These two approaches are  Fig. 2 shows the Rybook user interface. The
predicated on probing participants using questions abodimeline displays horizontally, and schedules are made
the situation/task. Theyaw in that SAGAT blanks chronologicdly from left to richt (Fig. 2A). Each crew
displays throughout query responses while SPAMmember corresponds to a single row. Activities can
occurs in reatime with the task displays remaining either be flexible (marked with a white dot) and can be
available to participants as they respond to qugéies moved or infexible (e.g, activities like meals and
SAGAT scores SA based on accuracy and classifiesleep) and cannot be moved. Activity duration is
these scores into operationally relevant bands. Becauselicated by block lenty. The Task List, which
participants cannot reference task interfaces whileontainsadditionalactivities not yet scheduleccan be
answering queriesaccurag is thought to quantify the accessed from the hamburgenenu, and shows
situational awareness available through recall. A kewdditional information including priority level (low,
feature of SPAM is thaSA is predicated on working medium, or high) and any relevant constrgkit. 2B).
memoryand the ability to find the correct answer in a Outside of Playboola list of activities is also available
short timeframe[7], and therefore, the measure is lessto participants on their computer browser. The
reliant on memory which is a criticism of SAGA®].  Scratchpad facilitates transfer of activities from the
Thus, response time supersedes accuracy whéraskListto theTimeline or vice versgFig. 2C) If the
evaluating SA using SPAMRecent work [3] has placement of an activity creates a violation (ea.
developed &PAM-basedramework for measuring SA necessary resource is unavailable), a red outline will
in scheduling for spaekke missions We aim to use appear indicating a violation in the pléFig. 2D).
this methodology to exgnd our understanding of SA in
scheduling and rescheduling. 2.2 Task

The current paper preserg\ data fom a ground The study used a 4x2x2 mixed design with one
based, remote investigation conducted utilizingbetweenrsubjects variable (schedule or reschedule) and
Playbook, a welbased scheduling platforni8, 9]. two within-subject variables. Te within-subject
Participants were randomly assigned to perform either wariables were type of constraint (4 types)d number
series of schedulindasksor a series of rescheduling of constraints (2 levels). All participants completade
tasks, after which, our SPAMased methodolgy was trials including a baseline trial with no manipulations
used to probe SA. Results presented here provide avhich was always presented firgt Latin square was
initial examination of SA in scheduling and used to determinethe ader of the remaining
rescheduling for novice scheduleidentifies potentid  experimental trials. Each of the remainiaight trials
barriers to establishinggood SA and inforns the
development of countermeasures to enhance &A f p ..

. roctor Participant
novice schedulers. .

i ")??‘ r‘:','
2. Method -
Thirty-one participants took part ithe study (L8
g‘.:...\ A

females, 184 years old). All participants held a "

bachelor’s degree or highjer SETTTwWEe T e T e e T Uit e on
i i S Video conferenci * Activities List + Playbook

voluntary pagls. This ;tudy was approvedtivy NASA - dea con em’“f‘% - Mission Objectives

Ames Institutioml Review Board (HR” 2@7) =" Network connection *+ SA Assessment

2.1 Materials Fig. 1. A diagram of the remote experiment setup.

This study was conducted remotely due ttee  proctor communicated with the participant thro
restrictions necessied by the public health crisis video conferencing and pushed information to eithe
caused byCOVID-19. Participants provided their own computer oriPad over a network conc#on. A
hardware which included a videmabled computer and comprehensive list of activities and mission objec
an iPal. Hardware and software versions were strictlywere provided on the computer browser as well a
controlled to ensure that participants were using th8A assessment following eadhnial. The iPad we
same technolgy. Participants interacted with reserved for the scheduling/rescheduling task.
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Fig. 2. The tlree main displays (A, B, C) for our experimental platform are as follows: A) Timelinksplay:
current schedule with activities arranged chronologically from left to rigleible activities are marked witt
white dot. The hamburger menu is shownheleft and allows navigation between the displays. B) Task-Llists
all activities with relevant information (i.e., priority, constraints). Selecting the check boxmext activity wil
transfer that activity to the Scratchpad. C) Scratchpéatilitates transfer of activities from the Task List to
Timeline. D) provides an example of a violation. Violations are indicated by red lines around the affected ac

consisted of only one type of constraint with eitlaer
low number (33%of total activitie9 or a high number
(66% of total activitie9 of constrained activities. Type
of task wa& assigned randomly with 15 participants
completing the scheduling task and 16 participants

completing the rescheduling task.

The four levek of the constraint variable were as

follows:

and thereforeannot be scheduled at the same
time).

1 Ordering Constraint (O) describes when an
activity should be scheduled irelation to
another activity (e.g., Activity A must be
scheduled before Activity B)

It is worth notingthat the first two constraints, T and
R, apply toonly one activity (e.g.Activity A), while

1 Time Range Constraint (T) limits the time of constraints C and Qlescribe a dependenayn two
day an activity can bscheduled (e.g., Activity activities (e.g, Activity A and Activity B). This
A must start no earlier than 0900 and end ndlistinction will become important in later analyses.

later than 1030)

Prior to the start of the experimental trials,

1 Requires Constraint (R) states that the activityparticipant completedour training trials, after which
needsto have a particular resource availablethey completed a competency test. A score of 77% (7 of
(e.g., Activity A requires communication 9 questions) was required to proceed to thime

availability)

experimental trials. During the task, participants were

1 Claim Constrain{C) describes a specific piece given the hypothetical scenariat they were crew
of equipment required for a particular activity members on a mission to a Deep Space Habitat. Their

(e.g., Activities A and B both claim a treadmill, job was to schedule (or reschedude)able timéine for
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a single day fothemselves and thearew. Participants  scheduling/rescheduling task itselsimilar to [5].
were instructed to creatthe timeline as efficiently Participants were asked to answer as quickly and
(quickly) as possible while meeting the following accurately as possible using working memory but could

objectives refer to the plan they just createdas needed. Trial
1 Schedule as many flexible activities as performance metrics were logged at the conclusion of
possible each trial before SAsessmenegan. Thus, our SPAM

| Prioritize higher priody activities when  methodology was not intrusive to the task itself and did
unable to schedule/reschéelall activities ~ not bias participants to answer queries duringogerof
1 Clear allviolationsfrom the schedul@rior ~ low workload (as could be the case in reale
to trial completion administration ofquerie$ — two common limitations of
Schedules were made on the iRaing Playbook SPAMI6].
and mission objectives, activity information, ahe SA
assessments were lIsted/administered on  the 3. Results
participans compute browser (Fig 1). Lastly, Resultsincludeanalyses with a response time cutoff
participants were told to work as quickly tey could and without a response time cutoff. Ataffi is typically
and not try to create a perfect plan, but rather one thaged for SPAM becauseits aim is to capture

meets thebjectives information within working memory or quickly
identifiable within the displayqd12]. In both cases,
2.2.1 Schedulingcondition response time should be relativébyv. After a certain

In the schedulingasks, participants were presented Period, it may be inferred that participaat® searching
with a schedule that was empty aside from inflexibldor information rather than having the information
(static) activities such as sleep and medisflexible available in a mental modef knowing where to find it
activities occupied 75 hours and 5 minutes of the 961 our experiment, we used a 4@&é&cond cutoff which
hours in the p|aracross four Crewmembergwenty. falls in line with the outliers for response time of our
four activities were available for participants to data following the 3.29 x standard detian (SD)
schedule with no restrictions in terms of number ofutlier identification method13]. Responses that were
movementsThe breakdown of the 24 flexible activities greater than40.5 seconds (s) were removecbnfr
were as follows: 8 low priority, 8 medium priority, and response time analyses and recoded as incorrect.

8 high priority. The task was desied so that notllathe Potential causesfor timeouts are outlined by
activities could be scheduled, forcing participants tdcunningham et af14] as 1) the operatdseingunable
schedule based on mission objectives. to figure out the answer,
prevening them from answering the question, 3) the
2.2.2 Reschedulingondition context of the scenarimo longer aligning with the

In the rescheduling tasks, schedules included theontext of the question in dgmic tasks or 4) the
same inflexible and flexible activities. The breakdownduestion requing more time than allowedo answer
of the 24 flexible ativities were as follows: 8 low Reasos?2)and 3 arenot applicable for our experiment
priority, 8 medium priority, and 8 high priority. as participants completed the scheduling/rescheduling
However, 18 of the 24 flexible activities wereheduled ~task prior to answering SA questio@nsequently, our

in the timeline prior to the start of the trial (8 low participans likely exceeded the timeout for reason 1) or
priority, 8 medium priority, and 2 high priority). 4). Reason 1) indicated no SA for information in the

Inflexible activities and prescheduled activities Probe[14] and reasod) thatrelevant information could

occupied91 hoursand 35 minutesf the 96 hours in the Nhot be locatedn an acceptable time. As a result, we
plan across four crewmembemRaricipants were told €xpeced our cutoff to have a minimal effect on
that they must reschedule the timeline to inclsile —accuracyFollowing SPAM, ve also expeed accuracy
new high priority activities following mission to be high (near ceiling) with thahlity to look back at
objectves. Again, there were no restrictions on numbefask interfaces and displayg]. Thus, reponse time
of movements, and more activities were provided theghould be the primary dependentiaale.

were possible to schedule. Overall average accuracy was 72.90% (73.70% and
72.03% for scheduling and rescheduling, respectively),
2.3 Assessment of Situational Awareness but increased to 77.51% with the removal of the 40.5

After participants submitted their completed second cutoff (77.97% and 77.08% for schedulamd
schedules for each experimental trigh was evaluated rescheduling, respectively). Thus,-oatoff data in our
using a modified SPAM-based methodology [3]  analysis could supply additional information about SA
consisting ofthreetrue-or-false questions administered despite not typically being a part of SA evaluation

at the conclusio of each trial This technique was used Mmethodologies.Our subsequentinear mixed effects
to prevent any interruptions during the (LME) model analy@s examing both cutoff and ne
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cutoff data. Cutoff results will be reported dr difference between O and C (p = 0.016), O and T (p <
completenessand resultsreportedare for cutoff data 0.001), O and R (p < 0.0pland C and R (p = 0.044).
unless otherwise specifiedddditionally, our overall Fig. 3 presentshe meanand 95% confidence interval

accuracy, while high, was not at ceilingence wewill ~ for average response time across type of constraints
alsoinclude accuracy along with regme time in our with and withoutthe cutoff. Overall, response time
analyes. increased the most for O and C when the cutoff was

LME modelindependent variables were type of taskremoved (Fig. 3). fiis is also evident by the additional
type of constraint, number of constraints, and alkignificant differences found between O and C/T
combinations of interactions. Trial (learning effect) waswithout the cutoff and indicates that participants spent
a covariate. Bonferrorgorrected poshoc tests were more time searching for the answers to $ifequestions
conducted on kb factors and interactions. Depentle for these two constraints.
variables were average response time awrage
accuracy 8.1 Linear Mixed Effects Model (4x2x2): 3.1.2 Average accuracy
Average across trigjsand response time and accuracy Average accuracy resultalso yielded a significant
for individual questions 3.2 Linear Mixed Effects effect for type of constraint (F = 12.80p < 0.001) and

Model (4%2x2): Individual question)s a significant interaction between type of constraint and
number of constraintd=(= 5.261, p = 0.002). There was

3.1 Linear Mixed Effects Modgldx2x2): Average no evidence of a significant effect rfcmumber of

across trials constraints or type of taskhere was no significant

First, we examined response time and accuracy as #&marning effect. Podtoc analyses indicated a significant
average over the 3 SA questions administered followingdifference between O and the other three constraints (C,
eachtrial. The LME modelresults argresented below, T,and R; p <0.001).

andTable 1 givesa summary of significarmesults. With no cutoff, there is again a significant efféat
type of constraint (F = 5.346, p = 0.001). There was a
3.1.1 Average response time significant difference between O and C (p = 0.003) as

The LME model analyzing average SA response well as O and T (p = 0.005)dditionally, a significant
time for our 4x2x2 experimental design yielded aeffect for nunber of constraints (F = 5.328, p = 0.022)
significant effect for type of constraint (F = 4.775, p =was identified Interestingly the high number of
0.003), but no significant effect for number of constraintconstrains condition vyielded a higher accuracy
or type of task. Additionally, the effect of learning (trial (estimated means * standard errors of "3 2.73
order) was not significant. Pesbc analyses indicated a and 80.9% + 2.74 for the low and high number of
significant difference between O and R (p = 0.003). constraints, rgeectively). This trend was seen for cutoff

With no cutoff, there was also a significant effect fordata as well but was notadistically significant. Again,
type of constraint (F = 13.534, g 0.001) and, there was no significant learnirgffect. Fig. 4presents
additionally, a significant effect for trial order (F = the mean andd5% confidence intervafor average
5.934, p = 0.016; average SA response time decreasadcuracy across type of constraints with antheuit
over time). Poshoc analyses indicated a significant cutoff.

Tablel. Summary of the 4x2x2 linear mixed effects ma@sults for response time and accuracy.

nd dual Que 0T erage nd dual Que on
Cutoff No Cutoff Cutoff No Cutoff Cutoff No Cutoff Cutoff No Cutoff
e 0 F=4.775 F=13.534 F=7.954 F=17.555 F=12.60 F=5.346 F=12.602 F=15.080
rdependen onstra p=0.003 | p<0.001 p<0.001 p <0.001 p <0.001 p=0.001 p<0.001 p=10.002
ab ber o F=5328 F=5.107
onstrain p=0.022 p=0.024
: . F=5.264
Biate : : p=0.002
e . F=5.934
: p=0016
0 p=0.016 p=0006 | p<000l | p=0003 | p<0.00l | p=0004
0 p<000l | p=0034 | p<000l | p<0001 | p=0005 | p<000l | p=0.006
Po 0 —R p=0003 | p<000l | p<0001 | p<0.001 | p<0.001 p<0.001
p=0.030
p=0.044 | p=0003 p=0.004
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followed the LME model analyses outlined abovall
SA questions (Table 2) will be referred to asa
combination ofthe constrain{O, C, T, R), number of
constraint (low or high), anduestionnumber (Q1, Q2,
or Q3).For example, question 3 for the T constraint and
] low number of constraints would be referred to dew
Q3. Question numbéorderwas arbitrary, but consistent
I 1 I acrosgarticipants.

Cutoff
25 No Cutoff

20

I

Average Response Time (s)
s
—
—

3.2.1 Response time

There was a significant effect for type of constraint
(F = 7.954, p < 0.001), but no evidence of a significant
0 o c T R effect for number of constraints type of task. Pogthoc

Type of Constraint analyses revealed a significant difference betw€en

and T and O and R (p = 0.034 and p < 0.001,
respectively). There was also a significant difference
between C and R (p = 0.003).

Similarly, analysis without a cutoff yielded a
significant effect for type of constraint (F = 17.555, p <

80 I I I I I I 0.001). A signifiant difference was found between O

Fig. 3. The average response timewith a 95Y%
confidence interal) by type of constraint for both cut
and no cutoff.

and all other constraint types (C, p = 0.00GaMdR, p
< 0.001). C was also significantly different from T and
60 I R (p = 0.030 and p = 0.004, respectively). See Fig. 5 for
a breakdown ofa selection ofindividual question
40 response times for cutoff and no cutoffig. 1. in
Appendix A provides the response times for all
individual questions Again, individual question
20 . response time increasedvithout a cutoff most
T significantly with the O and C constrainSutoff and
No Cutoff . .
no cutdf trends generally align with our anaégson
0 c T R average response time.
Type of Constraint
Fig. 4. The average accuracyw{th a 95% confidenc  3.2.2 Accuracy
interval) by type of constraint for both cutoff and There was a significant effect of type of constraint
cutoff. (F = 12.602, p< 0.001) for individual question

. . accuracy but no evidence of a significant effect for
Fig. 4 showsthat accuracy improved when cutoff | mber of constints or type of task. Theravere

was renoved. R and Tgenerallyboth showed higher  gjgnificant differences between O and all het
accuracy and were lesdfedted by cutoff removal. This .o ciraint types (C, T, and R; all with a0.001).
suggests that participants were able to answer questions Similarly, with no cutoff, there was an effect for
effectively from working memory or quickly find (in < type of constraint (F = 5.080, p = 0.002) and,
40.5 § the answer in Playbook for these twanglraints.  qqitionally, an efic for percent of constrain(F =
Response time increased the most for O and C With 1457 ', = 0.024). O is significantly different from C
cutdf removal (e, were most effected by the jng 1 (5 = 0,004, and p = 0.006, respectively). Again,
application of the cutoff). In combination with increased;,o high number of constraint condition yielded a higher
accuracy, it seems that participants were able to find ﬂ‘ﬁ‘ccuracy (estimated means =+ standard errors of .27
correct answer given more tamvhich moti\_/ates future 4 003 and 80.9% + 0.03 for thelow and high number
efforts to implement countermeasures ityBook 10 ¢ constraints, respectivelyGutoff and no cutoftrends
make this mformauor? more readily available, espeuallygener(,i"y align with our analysis on average accuracy.
for these two constraints. Overall, O had the most questions with < 50% accuracy
(3 of 6) and R hadhe most questims with > 75%
accuracy(5 of 6). See Fig.6 for a breakdown ofa

questions _ _ o selection ofindividual questionaccuraciesfor cutoff
Thenext analysis examined th&ects of individual ;4 o cutoff Fig. 2. in Appendix A provides the
guestion response time amdlividual questioraccuracy accuracy for all individual questions

in our 4x2x2 task design.ME model analyses here

Average Accuracy (%)

3.2 Linear Mixed Effects Mod¢#ix2x2): Individual
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Fig. 5. The response timg@svith 95% confidenceantervalg for a selection ofndividual SA questions by typef
constraint for both cutoff and no todf.

—_
o

100 Cutoff
No Cutoff
80
=
=
> 60
Q
e
=
Q
Q
< 40
20

O-low Q1 O-low Q2 O-highQ1l O-highQ2 C-low Q3 C-highQ2 C-highQ3 R-low Q2 R-highQl
SA Question
Fig. 6. The accurdesfor a selection ofndividual SA questions by type of constraint for both cutoff and no ¢

Note thatthe accuray for eachindividual questionis the percent of successful responsgeer question acro
participans.

Like average accuracindividual question amuracy  O-high Q2 (Table 2) accuracy improved upontaff
with and without the cutoff demonstrated a differencaemoval (Fig. 6) indicating that the necessary
between incorrect responses due to response timg (i.enformation to answeaccurately may not be stored in a
cutoff) and true incorrect responses. Both O and @ ar t i c i p amodél but degimdicatel that the
accuracy improved with cutoff removal with 5 of 6 andparticipant could find the answer (and did find the
3 of 6 of the SA questions showingnprovement, answer in just ovef0 s).
respectively Appendix A, Fig.2). Takinga closer look,
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Table2. The questions used to probe situational awareness for each trial according to type of constraint a
of constraints.

(:zlg;f;:;:’s:‘) g:l;slt;z: Situational Awareness Question
Q1 Was the earliest required start time for any constrained activity before 08:00?
Q2 Were 50% or more of the activities in the Task List constrained?
Q3 Were 2 or more activities constrained to be scheduled before Midday Meal?
Q1 Were there more activities with constraints in this trial than in the previous trial?
Q2 At any time did you have 2 or more violations simultaneously in the plan?
Q3 If COMM was suddenly unavailable after 15:00, would any activities be in

violation?
If suddenly all activities that claimed a treadmill had to take place on the bike

Q1 instead, would any activities in your plan be in violation?

Q2 Did any flexible activities require a bike?

Q3 Were all crew scheduled to exercise on both the bike and the treadmill?

Q1 Were all activities that claim a bike scheduled after a Midday Meal?

Q2 Were any activities constrained to be scheduled before a Midday Meal?

03 If a CDR's Midday Meal was moved an hour later, would that create a violation
with any flexible activities?

Q1 Were 3 or more activities required to be scheduled after a Midday Meal?

Q2 Was the latest required start time for a flexible activity after 17:00?

Q3 Were 50% or more of the activities constrained?

01 If COMM was suddenly unavailable before 10:00, would any activities be in
violation?

Q2 Did 8 or more activities have a constraint?

Q3 At any time did you have 1 or more violation(s) simultaneously in the plan?

01 Did all crew members you scheduled activities for get to exercise on both the bike
and the treadmill?

o2 If suddenly all activities that claimed a bike had to take place on the treadmill
instead, would any activities be in violation?

Q3 Did any flexible activities require a treadmill?

o1 If the first Morning Prep activity was moved an hour earlier, would that create a
violation with any flexible activities?

Q2 Were all activities that claim a bike scheduled after a Midday Meal?

Q3 Were any activities required to be scheduled after a Midday Meal?
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Table 3. Questions that »xeeded the40.5second 4. Discussion

cutoff for both scheduling and rescheduling. Analysis of both response time and accuracy
(average and individual questions) showed type of
constraint as a critical factor i8A (Table 1). These
reailts match those found [B] for response time. Thus,

Question Count of cutoff trials

O-low Q2 6 . . .

- we reiterate that SA is moranpacted by type of
C-high Q2 6 constraint than number afongraints. One interesting
O-high Q1 5 finding was that there was a significant learning effect
O-high Q2 s for average trial response time when the cutoff was

- removed. Poshoc analyss indicated that SA response
C-high QI 4 time decreased as trials progressed despite trial order
O-low Q3 3 being randonized following a Latin squ&. Average
C-low Q2 5 accuracy did not have a significant learning effect (F =

- 0.141, p = 0.707), but the effect of trial order did
O-high Q3 ! approach significance when the cutoff was removed (F
R-low Q1 1 = 3.647, p = 0.058) and indicated a decrease in
R-low Q3 1 accurecy. However, our experimergeems to indicate

that with no significant drop in accuracy across trials
Total 34 is possible that SA improved in terms of response time

(0] 20 over time or, at the very leastparticipans did not

C = become re_signed to the tadbecomefatigued, andor

start guessing.

T 0 Our accuracy analgs (othaverage and individual

R 5 guestions) hinted that percent constraint played a role as

well (evident only in no cutoff data). Interestingly, the

high number of constiats (66%) yielded higher
3.3 Linear Mixed Effects Model (2x2x2): Average accuracy This could indicate that a higher number of
response timandaccuray constraints required participants to interact more with

The aboveanalyss indicate thaficrossthe two task  the timeline/activities and, thus, buinore SA.This
types, constraints involving more than one activity (Oshould be investigated further intéire work.
and C) seemed to be more difficult for novice \We also found that average accuracy improved
schedulers to develop SA as they tended to have longgetweencutoff (72.90%)and no cutoff (77.51%) data.
responseimes (Fig. 3), exceed the time cfit¢Table  Encouragingly, the ability of participants to search and
3), and have lower accuracy (Fi.relative to the other syccessfully find the correct answers indicate that there
constraints (Rand T). Therefore, we wanted to is potential for Playbook countermeasures to help
investigate if SA was significantly affected when  participants more efficiently locate the infeaion they
scheduling or rescheduling witd and C versus R and need For example, questions-low Q1 and Ghigh Q2
T. (Table2) are the sameNere all activities that claim a

A 2x2x2 LME model analysis with GandC being  pike scheduled after a Midday Mejlthowever, the
classed as one constraint group (Twosli&R and T accuracy with the cutoff was 74.19% and 35.48%,
(Two-) being classed as anothewas conducted respectively. Without the cutoffhé acuracy for O
Response time results showed a significant effect fafigh improves to 51.69% while -®w remains the
group of constraint (p < 0.001) with Two+ having ansame, indicating that it may just take participants longer
average response timef 13.01s + 0.84 and Two-  to track down the answer for a constraieiated
having an average response time of 205+ 0.83  question when the trial has a higher number of
Accuracy results showed a significant effect for groupconstraints (i.e. 66% versus33%) In addition to
of constraint (F= 14.361, p < 0.001) with Two+ having demonstrating some level 8, accuracy improvement
an average accuracy of 6699& 0.03and Twe having  with cutoff removal also indicates that question
an average accuracy of 79%5t 0.03 Additionally,  comprehension is not a limiting factor.
there was asignificant interaction between type of A deeper dive into the questions themselves
constraint and number of constraints ¥F8.918, p<  provided more insight into how software aidsould
0.00b). These results persisted for both response timeupmrt novice schedulerslocate the information
and accuracy with and without theitoff andsupports  necessary for SA. We began by examining whether
our supposition that & may be more difficult to there were any questions beyond finding the answer for
devebp for constraint types dependent on 2 (or morejj.e, low accuracy and lowesponse time This trend
activities can be seen for-Rw Q2 (Table 2) whereextratime
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(cutoff removal) did not help improve accuracy. effectiveress for scheduling, but SA for novice
Participants were askei:At any t i me d ischedulers in a space mission scheduling tasknba
more violations si nadrasdish ebeenfully explored. Our current work provides initial
suggest they either know the answer or tigeyessed steps for understanding SA in novice schedulers in both
(but did not try to seanh). Markedly, this question was schedulng and rescheduling tasks in a space context.
not one that could be easily determined from theOur results indicated that there is no significant
Playbook interface. Perhaps a violation count would bdifference between schedhd andrescheduhg for the
useful as a quick reference to track constraints durindevelopment of situational awareness in novice
self-scheduling, especially as task complexity increasesschedulers. However, results seem to indicate that SA is
This feature coulde exterded by allowing schedulers more difficult to develop for constraints imving

to click on the violation count and see a drop down omultiple activities. Thus, future software aids should be
the violations themselves. They could then click on @mplemented to better facilitate SA, especially with
specific violation to jump to the relevant location in thethese constraints in mind. Enhancing SA in novice
timeline. Doing so would allow schedulers to keepstabschedulers will enable the shift from expsdedulers

on the number of violations they have at ampint tocrewand move future researébrward on the path to
during schedulingand prevent them from having to  crew autonomy.

search the timeline for the red lines indicating a

violation. Additionally, a count woulgrovide an easy Acknowledgements
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Fig. 1. The response times (with 95% confidence intervalsafiandividual SA questions by type of constraint for both cutoff and no cutoff
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Fig. 2. The accuragsfor all individual SA questions by type of constraint for both cutoff and no cutluffe thatthe accuracy foranindividual questions the
percent of successful responses per question across participants.
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